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Introduction
Clhloroplasts are known to change their volume

in vitro by 3 mechanisms. Light and osmotic pres-
sure appear to be the most significant factors for
controlling chloroplast volume. The simplest tvpe
of volume change shown by isolated chloroplasts
has been described by Nishida (8), who found by
absorbancy, gravimetric, and volumetric techniques
that chloroplasts change their volume in response
to exposure to solutions of different tonicity. Hence,
chloroplasts in vitro are osmotically sensitive struc-
tures like mitochondria and cells. The 2 other
mechanisms for bringing about volume chlanges in
chloroplasts require the action of light. One mech-
anism seems closely geared to the energy transfer
reactions that are coupled to electron flow. Packer
(12) has shown that suspensions of spinach chloro-
plasts exlhibit light-induce(d inlcreases of scatteredl
light that are rapid and reversible. occurriil in a
tillme ilnterval of 20 to 100 seconids. Substances that
interact with tlle energy transfer path-way. suclh as
amimioniur chloride aind ADP. inhibit liglht-scatter-
ing increases (2), while ATP unlder condlitions
favorinig its hydrolysis promotes light-scattering in-
creases (14). These observations are consistent
with the viewv that volume changes are uncler the
control of energy-linked initermediates (2. 14. 15).
Itoh et al. (3) have shoNwn that this action of light
brings about a low-amplitude shrinkage that results
in a 50 to 60 %(decrease in volume of whole chloro-
plasts, as measured by the volume distribution of
chloroplasts in the Coulter counter. Clhloroplasts
isolated from Eitglena (1) have also been reported
to manifest light-dependent volume changes.

Another action of light on chloroplast volume
results in high-amplitude swelling (16, 17). Swell-
ing is brought about slowly in the (lark but can be
accelerated by light, especially if a cofactor such as
phenazine methosulfate has been added to the chloro-
plasts. Light-dependent, high-amplitude swelling of
chloroplasts requires 10 to 90 minutes for comple-
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tion and(l has not been found to be reversible either in
(larkness or by the addition of ATP. Moreover.
ami-monium chloride and ADP do not affect the time
course of this process. High-amplitude chlioroplast
swelling is powerfully inhibited by inorganiic phos-
phate, one of the general requirements for low-ampli-
tucle, light-dependent shrinkage.

Under conditions for low-amplitude clbloroplast
shrinking in the light, an energy-dependent trans-
location of certain ions, such as calcium, phosphate,
and sodium, occurs by a light- and energy-dependent
mechanism (9). Since the osmotic and turgi(d pro-
perties of plant cells have been reported to be under
the influence of light, it seemed possible that the
light-dependent movements of water and ions mani-
fested by chloroplasts in vitro mighlt be involvel in
suclh processes within the cell. In particular, it is
kinow-n that light in(luces the opening of stomata and
that this process is accomipaniedl by the increase(d
turg,or of guar(l cells (5. 24). Since guard cells or
their chloroplasts canniiot be readily isolated, an in-
tlirect approaclh w-as un(lertakeni to test the actioni of
certain compounlds, such as the alkenylsuccinic acids
(22) and phenylm-nercuric acetate (19). that have
been found to be effective agents for the control of
stomatal aperture. This approaclh wN-as suggeste(d by
the classical investigation of Zelitc'h (21-24) that
has established the importance of photosvnthetic re-
actions in mechanisms of stomatal control by use of
such inhibitors. It has been found that these sub-
stances inhibit not only reactions of electron trans-
port and photophosphorylation, but also alter the
action of light on chloroplast volume.

Materials and Methods

Chloroplast Isolation. Spinach leaves, purchased
commercially, were washed, the midribs removed,
and then treated in a Waring blendor for 30
seconds in a medliumii containing NaCl (175 mNi)
and Tris (50 mnxr, pH 8.0). The crude suspension
was filtered through 4 layers of cheesecloth and
then centrifuged at 200 X g for 1 minute. The
supernatant fraction wxas centrifuged for 10 minutes
at 200 X g and the chloroplast pellet Wal collected
and resuspendedl in the isolation meclium at a chloro-
phyll concentration of 2.5 to 3.5 mlg/ml. The pro-
cedures were performed at 4' ancl chloroplhyll was
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(leterminie(l sl)ectroplh)tc)iometrically. The chloroplast
suspelsion was (lilute(l in appropriate media for ex-
periments.

Inhibitors. The alkenv1succinic acids were kind-
ly prov(ide(l by Dr. I. Zelitch of the Connecticut
Agricultural Experinment Stationi, NeN-\ Haven,
Connecticut. Phenvimercuric acetate was obtained
froml Distillation Products Industries, Rochester,
New 'York. Other reagenits were ohtainiedI commiler-
ciallv.

Higli-Aiiplitudcle loluiiie Ch(ignes. Packed v-ol-
unie chainges were estimate(l in chllDrocrit tubes as
reported earlier (17). The basic reaction mixture
(5 nil) contained Tris (20 niAI, p1H 8), _NaCl (350
ii ),. an(I chloroplasts (0.2 mg^, chlorophyll/ml).
Two nml aliqluots of chloroplast suspensions were
transferred to 3 ml graduated protein (or chlorocrit)
tubes. The tubes w-ere incubated for 10 minutes in
the light (50,000 lux) or in the d(ark (wstrapped in
aluminum foil) in a temperature bath maintaine(l at
25'. After the 10-nminute preincubation, the tubes
w-ere centrifuged at 1000 X g a,t room temperature
(approximately 25") in either light (22,000 lux) or
dlarkness in a clinical centrifuge. Pellet volumes
wN-ere read froml gra(luatiolls Onl the tube'.

Lo-w-Aiiiplithde o0/tulic ChagIes. -ighlt-scatter-
ing (546 in) was measurel at 90( in a 'Brice-
I'hoenlix Light Scatttering Photometer. mlio(lified for
recordinig as describei by Packer ( 11). The low
intensity of the greeni light usedl for the scattering
measurements w-as near the mlinimiiunm of the photo-
synthetic action spectrum. Increases in scattering
intensity follon-ing treatmlenit wNith actinic light
(WN'ratten No. 26 filter) alre expresse(d as percent
changes of the initial scattering level. Thie reaction
mlixture (5 ml) containecl: Tris (5 hiMi.\, pH 8).
MgCl., (5 milAI), ascorbate (2.5 milM phenazine
methostulfate (20 /ucm), ancl chloroplasts (10 1tg chlo-
rophvll/ml). Temperature was ilaintainedl at 95'
+ 0.1 by circulating- liquid around a jacketed 1-cm
cu\vette.

.AITP Syntlcsis anid Hydro1ysis. The uptake of
Pi wvas mleasured in the following reaction mixture:
Tris (20 ma., pH 8), NaCl (35 mrn\), MgCl. (5 mmi),
ascorbate (2 iimM), phenazine methosulfate (20 AM),
ADP (0.5 inM KHTIO, (0.5 m:\r0. and chloro-
p)lasts (50 ,L chlorophyll/ml-). The assay for
a(lenosine triphosphatase wac. adapted f1rom Petrack
anid( Lipnian (18 ). The formiiation of Pj was (leter-
liline(l in the followx ingr reactioni imiixture: Tris (20
mni. pH 8). NaCl (35 iiiar), \,CI]. (5 mima, phena-
zine methosulfate (20 par), cvsteine (50 niam). ATP
(1 mni ) andc chloroplasts (50 ji chlorophyll/ml).
Svntlhesis and( hydrolysis were estimaztted over a
1 5-miniute period-. comlnmencinlg 60 seconds after
the additioni of ADP or ATP, respectively,
bv mleasnrlling the clnge inl)ilposphate cooncentra-
tioli bV a pho)s0i)phiiiylb(vic acid mtietho(d w\ith Si-Cl],
as re(diutcing agent. (14 ). i\.s.says \\ ere performel
ill test tWhes placed 11 cm froi a 1 5O-w General

Hlectric reflector flood light ( 50.009 lux ) in a xwater
bath at 25'.

Electron Flow. Tlle redluctionl of NADP an(d
O., evolutioni by chloroplasts was perfornme(d in test
tubes under the con(litions of illumination and tem-
perature as for ATP synthesis and( hydr olysis.
NADPH fornmation was estimated at 340nmu after
10 mlinutes incubation in a reactioni mlixture (3 nl)
that contaiined: Tris ( 20 mixi\, pH 8), NaCl (35
nM ), IMgCl, ( 5 m A), NDP (0.33 imi)m ferreloxin
(98 ,tAg) and chloroplasts (20 /ug chlorophyll/ml).
In controls NADP was absent.

Results

High-Amplitupde Uoliiie Cha,nges. The obser-
vation of light-dependent, high-amplitude swelling (f
chloroplasts has been mla(le by a number of methods
(17). In particular, the chlorocrit o4r packed vol-
ume technique has given the same r-esults in these
experiments as the Coulter counter and absorbancv
measurements. Figure 1 show-s the action of light
oIn the packed vo)lumiie of spinach chloroplasts, ob-
served at various tinmes dluring cenitrifugation. lin
the (lark. pellet volume becomes sm-naller a.s the tilmie
of centrifugation lprocee(ls; but durinig this sallme
timiie inte-val., chloroplast v,ollume in the light be-
comles considerablv larger. The l)ellet volume is
a measure of chloroplast swelling. After 75 miiinutes
it is 75 % to 100 % larger in the liglht. At 75 min-
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utes the chlorophyll-containing particles in the super-
natant fluid have been sedimented (17). The action
of 100 jM MMDSA3 was to cause a 25 % diminution
of pellet volume in the light and an inflation of chlo-
roplast volume in the dark (fig 1). The overall
action of this compound is to diminish the difference
in volume between light and dark.

Using packed volume measurements as the test
system, MMDSA and other alkenylsuccinic acid de-
rivatives (DSA and DDSA), and PMA were stud-
ied. Figure 2 shows the effect of a wide concentra-
tion range of MMDSA and PMA on chloroplast
volume; between 1 to 10 /FM these compounds do
not affect chloroplast volume in light or dark. As
the concentration is raised, they bring about a large
decrease of packed volume in the light. Further-
more, PMA has no effect in the dark, whereas the
MMDSA elicits a marked swelling. Complete in-
hibition of light-induced swelling is obtained by 1
mM MMDSA. These experiments show that PMA
and MMDSA interfere with the light process that
causes swelling. MMDSA has an additional action
by causing swelling in the dark.
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FIG. 2. Influence of the monomethylester of decenyl-
succinic acid and phenylmercuric acetate concentration
on chloroplast volume in the light and dark. The data
given in the figure are from readings made after 75
minutes of centrifugation, at which time sedimentation
of the chloroplasts is complete (17).

A comparison between the relative potency of
the alkenylsuccinic acid derivatives on chloroplast
volume is shown in figure 3. The results are ex-

pressed as the ratio of the light to dark volume.

3 The followitng abbreviations are used: MMDSA,
monioiuethylester of decenylsuccinic acid; DSA, decenvl-
succinic acid; DDSA, dodecenylsuccinic acd; PMA,
phenylmercuric acetate.
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FIG. 3. Action of alkeniylsuccinic acids oni light-

induced high-amplitude swelling measured by packed
volume.

MMDSA and DDSA are stronger inhibitors of
light-induced swelling than DSA. The alkenylstic-
cinic acids show, in general, a similar pattern of
inhibition on chloroplast swelling.

From the different character of alkenylsuccinic
acids, whose action is to increase permeability of
cell membranes (6, 22) and of PMA, which has
frequently been employed as a relatively specific
inhibitor of sulfhydryl groups, it was predicted that
if thiols are involved in light-induced swelling, the
inhibitory effect of PMA might be reversed by add-
ing back thiols. In fact, cysteine (at a conc of 1
mM )completely reversed the inhibition of light-in-
duced swelling caused by PMA, but did not change
the inhibition caused by alkenylsuccinic acids.

Low-Amplitsude Volume Changes. It was of in-
terest to examine the action of P]MA and alkenyl-
succinic acids on low-amplitude volume changes.
These energy-dependent volume changes would be
expeoted to be involved in active movements of water
and ions in vivo. The results of a typical experi-
ment made by a time recording of light-scattering
changes is given in figure 4. Chloroplasts were ini-
tially incubated under conditions for photophos-
phorylation, except that ADP was absent (2, 14).
A large light-scattering increase (shrinkage) of
approximately 50 % is brought about by illumination
of the reaction mixture with actinic red light; this
scattering change is reversed in the (lark. Continu-
ing cycles of light and darkness yield similar re-
sults except that the light-scattering response is
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FI(. 4. ActioIn of the moiiomethylester of (lecenyl-
succiinic acid oni light-iniduced low-aml)litude shrinkage
measured b)y light scattering.

slightly dimiiinished after the first cycle. To this
test system an addition of M\M\DSA 'was madle at
various concentrations in the (lark. This treatmiient
(loes not result in a change of the light--cattering
level. Hovever, on illuminiiiatioinwith actinic light,
1 tk\ \1 A\IDSA elicits a slight activation of the
light-scattering response, wlhereas 100 an(l 1000 ,o\

levels are decidedly inhibitory. After 3 cycles (al-
ternating perio(ls of lighit and (larkile.5. ). 1 mllMI
\IMDSA completely inlhibitel1 tlle responlse. In

general, the inhllibition of MM\I7IDSA w as ()rogressive-
1v mllore effective witlh eaclh successive light-dark
cvcle. HeIlce, the inhibition is tilime del)elident landl
may reflect reactioni or transh-xDcatioi)i tillmes.

Emniploying the test system for ligh,%t-scatteringr
dlescrib)e(l above, a coml)arisonl het\v e-l tle alkenvl-
succiic acid lderivatives wvas made as. sho n in

figure 5. \MIMDSA and DDSA inhibit light-scatter-
in- increases of chloroplasts on illuminastion. and

comllplete inhlibitioln occurs at a concentrtcti-on of 1
n-mM. DSA first stimiiulates the scatterinig change up

to a concentration of 0.1 nimA and tlheni becomes in-

hibitorv-, i.e., at a concentrationi of 1 nm\r 20 % inhibi-
tion is observed.

The effect of PNIA on light-scattering is com-

pletely (lifferent from alkenvlsuccinic acidl deriva-
tives (fig 6A). WVhen PA\1 is added in the dark,
no change in the scattering level is observed, but
upon illumination the scattering response is enor-

mouslv enlihancel. The miiaximiluiml effect wac reachedl
between 2 and 10 At 100 u.\t the stimulation
effect by PMIA on light-scatterinlg was unchanged
even if P-MA w,vas preincubated 10 nminutes in the
clark with chloroplasts. Also, the stimulation per-

sists if PMA is preincubate(d ith chloroplasts in
the light. It is significant that these responses are

reversible and reproducible. In fact, alternative
periocls of light andl darkness result in progressively
larger light-scattering responses (fig 6B ). Thus
PMA stilmiulates rather thlla inhibits low-amplitttde
volunie changes in clhloroplasts.

IPlIotosyntlhetic Rcactioiis .l11' Sy'vnthesis and

f/v(11dolYsis. Since chloroplast vdolume is (lependent
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treated light-dark (I. -D D ) clhang-es (livide(I bv the
light-dlark chaniges of the conitrol; eaclh point represents
the average of 3 comiiplete light-clark cycles.

on li-ht ( electsron flow ) for swellinlg. as 1l onl both
lighit an11(l energ-y transfer for slhrinikage (12 ) it

w as impl)c)rtait to investigate the atction of stomatal
iilihibitor-s onl these reactions. lPrevious studies have

establislhe(d that conditions of cvclic photophospho-
rvlation sull)port scattering changes in chloroplasts
in responise to actinic light anicl that ATIP. as a result
of its lighlt-activated lhydrolysis, inicreases the miiagni-

tucle of scattering responises ('13 ). The uiptake of
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FIG. 6. Action of phenvlmnercuric acetate oi lowv-

amplitude volume changes nieasurecl by light scattering.
Conditions as in MIethods but the comp)lete reactioni mnix-
ture is inculbated for 10 Iminiutes in the lighlt or in tllh
darkl with phenvylnsreuric atcetate at variotis concentra-
tionls ( A) and(l ax a function of the nuniiber of light-dark
cycles (B).
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Pi under conditions of cyclic photophosphorylation
was studied as a function of the concentration of al-
kenylsuccinic acids and PMA. All the compounds
stimulate ATP synthesis at low concentrations and
then begin to inhibit Pi uptake at higher concen-
trations. PMA, MMDSA, DDSA and DSA caused
50 % inhibition of photophosphorylation with 0.01
mM, 0.2 mM, 2.0 and 4.0 mmt, respectively. As with
light-induced swelling (packedI volume) and shrink-
age (light-scattering), MIMIDSA is found to be a
stronger inhibitor than DSA. MAIMDSA at 1 mM
completely inhibits photophosphorylation. PMA is
a more effective inhibitor of plhotophosphorylation
on a concentration basis than the alkenylsuccinic
acids.

Under light-triggered adenosine triphosphatase
conditions (14), e.g. in the presence of a thiol (50
nima cysteine), the action of the alkenylsuccinic acids
and of phenylmercuric acetate on the liberation of Pi
from ATP is quite different (fig 7). At concen-
trations which elicited a 50 % inhibition of the photo-
phosphorylation reaction, these compounds stimulate
ATP hydrolysis. At 1 mm, MMDSA caused 40 %
inhibition of this activity. A.t a higher concentra-
tion, 5 nml DSA remains a strong activator. PMA
and MMDSA have a similar effect on ATP synthesis
and hydrolysis. The discrepancy between the action
of PMA and alkenylsuccinic acids on ATP synthesis
andI lhydrolysis might be causedl by the protective
effect of cysteine.
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FIG. 7. Effect of alkeiiylsuccinic acids anid phenyl-
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FIG. 8. Effect of the monomethylester of decenyl-

succinic acid and phenylmercuric acetate on noncyclic
photophosphorylation and NADP reduction. The rates
of ATP synthesis and NTADP reduction were 90 anid
111 Amoles/mg chlorophyll per hour, respectively, when
calculated from initial rates (2 min).

Electron Flozw. Since the concentration-depen-
(lenit effect of PiMA anid MMI\IDSA oni the rate of
cyclic photophosphorylation and the extent of vol-
umie changes were rather different, it seemied worth-
while to investigate if their action was oni electron
flow or plhotophosphorylation. This test was made
with a noncyclic system established with NADP in
the presence of ferredoxin (fig 8). Electron flow
was measured by following reduction of NADP.
Inhibition by PMA begins at 1 uL,M and is complete
at 100 u-\ for both NADP reduction and the ac-
companying noncyclic photophosphorylation. The
concentration range of PMA that is inhibitory on
cyclic and noncyclic photophosphorylation are simi-
lar.
MMDSA is less effective as an inhibitor than

PMA and inhibits cyclic and noncyclic photophos-
phorylation and NADP reduction in a similar man-
ner based on concentration.

When 2, 6-dichlorophenolindophenol was used as
the electron acceptor, the inhibition of electron flow
by PMA and MMDSA was the same as with NADP
plus ferredoxin. Also nmeasurements of 02 evolu-
tion instead of NADP reduction result in the same
inhibition by the stomatal reagents.

Discussion

Mechanisms are nlow kn1own by wlhichi light, the
electron and energy-transfer reactions initiated, and
the products formed can control the movement of
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EXTRACELlULAR COMPARTMENT

1Fi(;. 9. Scheme illustrating possible relation of light-
dleIendent xvolume changes and reactionis in clhloroplasts
to mechaniismiis of stoomatal control. Explanation in text
(also cf. 17).

\\sater and ions in spinach chloroplasts in vitro ( 17.

9). As illustrated in figure 9, light initiates electroim
flowv (reactions 1, 2) that is coupledl to energy trans-

fer (reaction 3). Energy transfer leads to ATP
synthesis (reactioni 4). and/or shrinkacge ani(l the
tranlslocation of iOlns (reaction 5)). The energy-

lependlent processes (reactions 3-5) are inhibited by
uncoupling agents such as ammiioniium chloride.
Light-induce(d swelling. dlependent uponl electroln
flow only (reactioni 6), is inhibited by phosphate
,and unaffected by- amnmoniium chloride (16). Reac-
tion 2 is coupled to CO., fixation: photosynthesis re-

sults in accumiliulation of o-smotically active material
(reaction 7). Accumulation or withdrawal of os-

moticallv active miiaterial (reaction 8) should incluce
vater movements in chlo,roplasts by a passive miiech-

aniism1i (8).
The miechanismis regulating the xx-ater movenments

of chloroplasts are delicately controlled, botlh by
photosynthetic reactionis anid concentrations of re-

actanits andl piroducts. The iiitro(luction of a coni-

pounld that interferes wvitlh reactions I to 8 (ftig 9)
would be expected to influence ch,loroplast volume by

altering water relationis in the plant cell. Hence,
P'1IMA alni thle alkenvlstuccinic acicls, wvlhich have been
foun(d to inhibit electron and energy transfer reac-

tions, affect the regulation of clhloroplast volume.
'Earlier stu(lies 1y Smilitlh and Baltscheffskv (20) and(

Nozaki, et al. (10 ) have already established that

PAIA inhibits electroni flos\- and( photophosphoryla-
tion (cf. fig ) Nlorco\ er. Shinishi (19,) reported
thlat PTAM prayed on the leaves (lecreases photo-

synthesis in Zca 17a1s plants as reflectedt by CO,
incorporation because of stom11atal closure and is
also (lependent upon soil mloisture. Although PMA
i;s foun(d to be an inhjibitor of photosynthetic re-

actions, it is interestino that at concentrations inhibi-
tory for photophosphorylatioi, it stimiulates liglht-
triggered ATP hydrolysi (fig 7).

Since PAIA was an inhibitor of electron flow,
it wvas expecte(l that it wvoul(d inllibit volume changes

of chloroplasts, and(l indeed, this x\\as the case for
light-incluce(d sw-elling ( reaction 6). Thiol groups

mayt) be required for this type of swelling since cys-

teine vas foun(d to exert a protective action. But

the surprising finding ma(le w-ith I'IA w-as its re-

markable enhanicement effect on light-incluced shlrink-
age (reaction 5)) that is depend(lent upon1 enlergy
transfer (reaction 3). Since slhrinkage is related
to the formation of high energy intermedliates pre-

ce(ling ATP syrnthesis (13), this finding suggests
that PAMA inhibits ATP synthesis at a step near

the termination of the energy transfer pathway (re-
action 4); its action resembles that of quinacrine
rep)orte(l 1y Dillev an(l Vernon ( 2 ). Inhibition of
reaction 4 w-ould cause accumiulation of h1ighl energ-
intermiiecliates fornmecl in reaction 3 and tlherefore pro-

note shrinka-e ( reaction 5).
Zelitcli ('22) has (lescrlibe(l the action of alke1xi\1-

sluccinic acid(s as inhibitors of light-in(duce(d opening
o0 stomiata Or as agents thlat induceed stonlatal closure.

Kuilper ( 6) has suggestel thlat thlese substances are

incorl)orated inlto lipid layers ot cvtoplasmic mlemii-
branes: e.g.. root cells, to increase their pernmeal)ility
to wvater. Similar effects have been ol)served b1w

Itoh et al. (4 ) an(d others wN-ho have note(l chloro-
plast swellilg- in the p)resenlce of anionic detergentts
like dodec\l benzene sulfonate. Thus it wxxas nlot
surprising to observe thalt alkenvlsuccinic acidsc in-
dluce chloroplast sx-elling in the (lark and that they
abolish lig,ht-iniduced volumie clhaniges. Contrary to
PAMA, tlhese comiipoundls inhlibit light-inlclucedl slhriink-
atge.

Because of the indirect approach employed in thlis

type of investigation (see also ref. 7 ), it cainnot be
proven that the influelnce of alkeniylsuccinic acid(s and

phenylmercuric acetate on spinach chloroplast x-ol-
ume changes and on photosynthetic reactions exactly
reflect the knomx-n effects ot these substances on stom-
atal control (cf. 24). Hoxx-ever, since the photo-
synthetic reactions that occur in spinach (anid other)
chloroplasts lpronm )te a series of energy-dependent
processes such as volume changes. water mnovement,
translocation of i-ons and presumniably of other os-

motically active material, it is assumned that guard

cell chloroplasts also possess these properties. Our
viexv is that the occur-rence of suclh light-dependent
phenomena in chloroplasts is involved in the mlain-
teniance of turgor in mes.o)phyll and guar(d cells, the
(lifference being tlhat in guar(l cells, turgo)r conitrols
stoniatal aperture. lIceiceC, a stiilxy of the acti m)1 of
inhibitors and envxironimental factors, both chemiical
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and physical, on such phenomlenia in chloroplasts
may be helpful in elucidating mechanisms of stomatal
control.

Summary

Light (electron flow) and energy-dependent
mechanisms that control the movement of water and
ions in spinach chloroplasts are known. Since these
processes may be involved in stomatal control, the
action of certain substances that cause their closure
in plants was examined on spinach chloroplasts in
vitro.

Phenylmercuric acetate and 3 alkenylsuccinic
acids inhibit light-induced chloroplast swelling,
which occurs by an energy-independent mechanism.
Light-induced shrinkage of chloroplasts, an energy-
dependent mechanism, is also inhibited by the al-
kenylsuccinic acids, but phenylmercuric acetate ex-
erts a remarkable stimulation of the light effect.
An examination of the action of these substances on
electron flow (NADP reduction) and photophos-
phorylation revealed that these reactions are inhibited
by all substances.

An explanation for the mechanism of stomatal
control based upon the regulation of chloroplast
volume by light- and energy-dependent processes is
proposed.
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